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(57)Abstract 

PURPOSE: To supply an electric drive system improving the 
reliability of a battery and the efficiency of the system. 
CONSTITUTION: An AC electric drive system contains a bi- 
directional power semiconductor interface 20 between a battery 22 
or an auxiliary energy storage device and a power inverter 10. The 
bi-directional power semiconductor interface 20 boosts the input 
DC voltage so that DC link voltage substantially has no relation with 
the input DC voltage and the parameter of the battery 22 or the 
energy storage device and reduces/connects DC link voltage from 
input DC voltage. Then, input DC voltage is controlled so that 
efficiency is made maximum by using a prescribed torque envelope 
value. 
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power semiconductor interface 20 boosts the input DC voltage so that 
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CLAIMS 



[Claim(s)] 

[Claim 1] So that input direct current voltage may be sent out to the power inverter which changes a direct-current link electrical 
potential difference into alternating current output power, and the drive system concerned It is the bidirectional DC to DC converter 
connected between a means to connect energy storage equipment to said power inverter, a means to this connect, and said inverter. 
This DC to DC converter So that only the predetermined rate may carry out the pressure up of said input direct current voltage and 
said direct-current link electrical potential difference may become unrelated substantially with the parameter of said input direct 
current voltage and said energy storage equipment The bidirectional DC to DC converter which decouples said direct-current link 
electrical potential difference from said input direct current voltage sent out from said energy storage equipment, The electric drive 
system equipped with the control means which controls said input direct current voltage by controlling actuation of the electric drive 
system concerned to make effectiveness into max using the envelopment value of predetermined torque. 

[Claim 2] Said energy storage equipment is an electric drive system containing the battery which has the module by which parallel 
connection was carried out according to claim 1 . 

[Claim 3] Said DC to DC converter is an electric drive system containing a comparison pressure-up form converter according to claim 
1. 

[Claim 4] Said control means is an electric drive system according to claim 1 which uses the envelopment value of the predetermined 
torque acquired as a result of [ its ] the direct-current link electrical-potential-difference pair motor rate data memorized by memory as 
a look-up table. 

[Claim 5] So that input direct current voltage may be sent out to the power inverter which changes a direct-current link electrical 
potential difference into alternating current output voltage, and the drive system concerned A means to connect each of two or more 
energy storage equipments to said power inverter, It is the bidirectional DC to DC converter connected between each of a this means 
to connect, and said inverter. Each of this DC to DC converter So that only the predetermined rate may carry out the pressure up of the 
each direct current voltage of said input of said energy storage equipment and said direct-current link electrical potential difference 
may become unrelated substantially with the parameter of said each of input direct current voltage and each of said energy storage 
equipment The bidirectional DC to DC converter which decouples said direct-current link electrical potential difference from said 
input direct current voltage sent out from said each energy storage equipment, The electric drive system equipped with the control 
means which controls said input direct current voltage supplied from each of said energy storage equipment by controlling actuation of 
the electric drive system concerned to make effectiveness into max using the envelopment value of predetermined torque. 
[Claim 6] At least one of said the energy storage equipment is an electric drive system containing a battery according to claim 5. 
[Claim 7] At least one of said the energy storage equipment is an electric drive system containing an ultra capacitor according to claim 
5. 

[Claim 8] At least one of said the energy storage equipment is an electric drive system containing super-electric conduction magnetic 
energy storage equipment according to claim 5. 

[Claim 9] Said control means is an electric drive system containing the respectively separate control unit attached to each of a DC to 
DC converter according to claim 5. 

[Claim 1 0] Each of said DC to DC converter is an electric drive system containing a comparison pressure-up form converter according 
to claim 5. 

[Claim 11] Said control means is an electric drive system according to claim 5 which uses the envelopment value of the predetermined 
torque acquired as a result of [ its ] the direct-current link electrical-potential-difference pair motor rate data memorized by memory as 
a look-up table. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Generally this invention relates to an electric drive system. Furthermore, speaking concretely, this invention's 
relating to the power semiconductor interface which enables it to improve dependability and effectiveness by decoupling the electrical 
potential difference of the battery for promotion, or the electrical potential difference of auxiliary energy storage equipment from the 
direct-current link electrical potential difference of an electric drive system. 
[0002] 

[Description of the Prior Art] The level of the torque required of it and power is increasing today's electric vehicle driving gear so that 
the severe acceleration conditions and climb conditions of a vehicle may be suited. In order to be practical, the electric vehicle driving 
gear for commerce must make cost, a dimension, and weight the minimum, the semiconductor device of a still higher electrical 
potential difference may come to be used for ten years recently - alike - taking — the industry - a network electrical potential 
difference (namely, direct-current link electrical potential difference) — about 1 00 — the power flux density of a drive system is raised 
by raising from V by 300V, and although rated voltage is still higher, it has enabled it to use the still smaller power semiconductor of 
the rated current for an inverter in this way It was an advantage that the dimension and cost of an electric drive system were able to be 
held down by this balance to the minimum. When a battery is set aside, an inverter is a subsystem which costs apply most in the whole 
electric drive system, and are components with which a power solid state switch generally starts most in this inverter as for costs. In 
the typical voltage level of these driving gears, the cost of a power semiconductor increases much more quickly as not an electrical 
potential difference but a function of a current. 

[0003] By making high a direct-current network electrical potential difference, it was conspicuous, lowering cost and the engine 
performance has been improved. However, the thing for which a direct-current network electrical potential difference is increased 
Although it is attained by connecting a eel with still smaller a large number (for example, 2V) to a serial while it needs to design a 
battery on comparatively high electrical potential differences (typically nominal rating 300 V) and this designs a eel with still smaller 
current capacity therefore, the capacity for every eel — being disproportionate (mismatch) — it is disadvantageous to reduce the 
dependability and the life of a battery. The probability of the fluctuation for every eel becomes still larger, so that it will be carried out, 
if many eels are further connected to a serial. Constraint of the weight of a battery also restricts the number of the serial strings of a eel 
who can connect with juxtaposition, and reduces dependability further. 

[0004] Therefore, while offering the solution over the problem of the dependability of a high-voltage battery, it is desirable by 
decoupling energy storage equipment from a direct-current link electrical potential difference to raise the effectiveness of an 
alternating current electric drive system. 
[0005] 

[Abstract] The alternating current electric drive system is equipped with the bidirectional power semiconductor interface containing 
the DC to DC converter connected between the power inverter which changes a direct-current link electrical potential difference into 
alternating current output voltage, a means to connect energy storage equipment to a power inverter so that input direct current voltage 
may be sent out to a drive system, and the means and inverter to connect. The DC to DC converter decouples the direct-current link 
electrical potential difference from input direct current voltage while only the predetermined rate is carrying out the pressure up of the 
input direct current voltage so that a direct-current link electrical potential difference may become unrelated substantially with the 
parameter of input direct current voltage and energy storage equipment. In order to control actuation of an electric drive system that 
effectiveness should be made max using the envelopment value (envelope) of predetermined torque, the control means which controls 
input voltage is established. 

[0006] As for the battery or energy storage equipment of an electric drive system, by using the power semiconductor interface of this 
invention, it is advantageous that it can design on an electrical potential difference which makes the dependability and life max, and on 
the other hand, the volt input to a drive system is control through the interface to given torque / rate operating point to make stress to 
the components of an inverter into the minimum while making effectiveness into max. 

[0007] The description and advantage of this invention will become clear from the place which explains a drawing in detail below. 
[0008] 

[Example] Since a motor 14 is driven, drawing 1 shows the ordinary electric drive system containing the inverter 10 by which direct 
continuation is carried out to the battery 12. The motor 14 may be equipped with the AC machine of the suitable format of the 
arbitration containing an induction machine, a permanent magnet (interior or surface magnet) form synchronous machine, an 
electronic commutation form motor, or a switch reluctance machine. The input filter capacitor Cdc is connected between the direct- 
current links VDC. An inverter 10 is two switching device T1-T2 per phase crossroads by which the series connection is carried out, 
T3-T four, and T5-T6. It is shown as a thing equipped with the three-phase-circuit inverter which it has, respectively. Diode D1-D2, 
D3-D4, and D5-D6 Each switching device T1-T2, T3-T four, and T5-T6 It connects with reverse juxtaposition, respectively. 
[0009] It is switching device Tl -T6 so that ordinarily. An external torque command is answered and it is controlled by the inverter / 
motor control equipment based on a microprocessor (not shown in drawing). The instantaneous value of the direct-current link 
electrical potential difference VDC is the parameter (for example, open circuit voltage, internal resistance, a charge condition, 
temperature) of a battery and the property of a motor, and the magnitude and the function with a polarity of a torque command to an 
electric drive system. In ****** torque operation, an inverter operates in Pulse-Density-Modulation (PWM) mode, and it is the 
comparatively high battery voltage Vbat. The switch loss with substantial to the switching device of an inverter required consequently 
lowering in a chopper operation to the level required of proper operation of a motor arises. 

[0010] The battery 12 is shown by drawing 1 in graph as a battery of the comparatively high electrical potential difference constituted 
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as series connection of three battery modules with which each has the electrical potential difference of Vbat/3. When failure takes 
place to one or further many strings of the juxtaposition strings of the eel which constitutes one module of a battery with a high 
electrical potential difference from an ordinary electric drive system as shown in drawing 1 , it is a fault that remarkable degradation 
arises in the capacity of a battery. 

[001 1] However, according to this invention, the energy from a battery or auxiliary energy storage equipment is efficiently transmitted 
to the alternating current mechanical component of a high electrical potential difference through a power semiconductor interface 
circuitry. As an example of auxiliary energy storage equipment, there is magnetic energy storage equipment like an ultra capacitor or 
super-electric conduction magnetic energy storage equipment (SMES). An interface circuitry decouples the electrical potential 
difference of energy storage equipment from the direct-current link electrical potential difference of a drive system, and makes the 
availability of energy storage equipment max in this way. Furthermore, an interface circuitry performs bidirectional quick energy 
conversion, and enables recovery of quick acceleration of a drive system, and regeneration energy. 

[0012] Drawing 2 shows the electric alternating current drive system by one example of this invention. The interface circuitry 20 
containing a DC to DC converter is connected between the battery 22 and the inverter 1 0. Thanks to an interface circuitry 20, as for a 
battery 22, it is advantageous to have the battery (Vbat) with an electrical potential difference still lower than the battery 12 (Vbat) of 
drawing 1 . Speaking concretely, by drawing 2 , a battery 22 is shown as a thing equipped with three battery modules connected to 
juxtaposition rather than is in-series, and decreasing the electrical potential difference of the whole battery to one third compared with 
the case of drawing 1 . 

[0013] Battery voltage Vbat still lower in order to attain high power and a high rate using the drive system of drawing 2 A pressure up 
must be carried out only at most 3 times. Furthermore, total battery current Idc' It must be 3 times the direct-current link current Idc of 
drawing 1 . Therefore, it is necessary to increase the rated current of the switching device of DC to DC converter 20 of drawing 2 
about 3 times of the rated current of the switch of each phase branch of the conventional system of drawing 1 . 
[0014] It is the input filter inductor Lf by which drawing 2 is shown as what DC to DC converter 20 equips with the comparison 
pressure-up form (namely, bidirectional form) transducer of a well-known format, and this transducer is connected to the combination 
of juxtaposition of 1st switching device TBI and the reverse juxtaposition diode DB1, and a serial. It has. 2nd switching device TB2 
and the combination of juxtaposition of reverse juxtaposition diode DB2 are [ direct-current link electrical-potential-difference- VDC 
and ] the negative filter inductor Lf. And it connects between the nodes which have connected switching device TBI. A serial 
combination of the snubber resistance Rsnub and the snubber capacitor Csnub is connected between negative direct-current link 
electrical-potential-difference- VDC and the cathode of diode DB 1 . 

[0015] The electric vehicle drive system control station 30 receives an external (as [ described / drawing 1 / above ]) torque command, 
the motor rate measured value from a tachometer 32, the phase current measured value from a current sensor 34, and the direct-current 
link amplitude-measurement value from a voltage sensor 36. A control unit 30 receives the signal with which the condition of DC to 
DC converter 20 which is explained later is expressed further from the direct-current-direct-current control unit 40. On the other hand, 
a control unit 30 generates the feedforward (forward space) signal for generating DC to DC converter 20 and the gate signal over the 
switching device of an inverter 10 while changing the motor speed signal from a tachometer 32 into the signalling frequency FREQ 
over the direct-current-direct-current control unit 40. 

[0016] As shown in drawing 2 , the direct-current-direct-current control unit 40 is battery amplitude-measurement value Vbat and 
direct-current input current Idc' from a current sensor 42 from a voltage sensor 44. Measured value is received. Speaking concretely, 
being electrical-potential-difference Vbat and current Idc'. Measured value is supplied to the effectiveness regulator 46, and a 
regulator 46 generates the effectiveness adjustment signal over the armature-voltage control block 48, in order to make effectiveness 
into max using the envelopment value (envelope) of predetermined torque. The armature-voltage control block 48 uses the signalling 
frequency FREQ from the direct-current link amplitude-measurement value and control unit 30 from a voltage sensor 44, in order to 
control operation of a motor, while making effectiveness into max using the envelopment value of predetermined torque, and it is 
input direct-current-voltage Vbat. It controls. The proper gate signal for controlling operation using the envelopment value of this 
torque is generated by the gate control block 50. 

[001 7] Drawing 3 shows the envelope of the torque acquired as a result of [ its ] the direct-current link electrical-potential-difference 
pair motor rate data to an electric vehicle drive system which is used with the armature-voltage control block 48. According to this 
invention, the direct-current-direct-current control unit 40 controls operation along with the envelope of predetermined torque as 
shown in drawing 3 so that effectiveness becomes max. Data as shown in drawing 3 are memorizable as a look-up table to the direct- 
current-direct-current control device 40 ( drawing 2 ). If actuation is explained, DC to DC converter 20 is still lower battery voltage 
Vbat at the time of a drive (or between motor actuation). A pressure up is carried out to the still higher direct-current link electrical 
potential difference VDC. At the time of a low speed and ** torque, it is off, therefore the condition of a transducer 20 is also off, and 
switches TBI and TB2 are battery voltage Vbat. It connects with an inverter 10 through the diode DB1 by which forward bias was 
carried out. In order to increase a rate and torque, the pressure up of the battery voltage is carried out using the switching devices TBI 
and TB2 of an interface 20. Speaking concretely, the condition of a converter 20 being ON, and maintaining actuation using the 
envelopment value of predetermined torque so that it may state below. It is Inductor Lf if a switch TB 2 becomes a turn-on. A current 
increases. The switch TB 2 after increasing to the level by which the current was controlled becomes a turn-off, and is Inductor Lf. 
The sign of the differential of a current which was flowing changes and it is Inductor Lf. Induction of the electrical potential difference 
is carried out to both ends. Forward bias of the diode DB1 is carried out, it raises a direct-current link electrical potential difference, 
and supplies power to a motor. If it decreases to the value by which the inductor current was controlled, a switch TB 2 will change to 
ON again, and this cycle will be repeated. 

[001 8] On the other hand, the power from a high voltage direct current link is changed into value Vbat of battery voltage between 
regenerative braking, consequently a current flows into a battery. Especially the switch TB between regenerative braking 2 are kept 
off. The turn-on of the switch TB 1 is carried out, and it is Inductor Lf. A current is made to increase. It is Inductor Lf, if a switch TB 1 
is made into a turn-off after increasing to the level by which the current was controlled. The sign of the differential of a current 
changes and induction of the electrical potential difference is carried out to the both ends, a current - inductor Lf from - diode DB2 
by which went into the battery and forward bias was carried out after that — minding - inductor Lf It flows in the returning closed 
circuit. A direct-current link current charges the filter capacitor Cdc between time amount with an off switch TB 1 . It is advantageous 
to enable it to decrease the scale and weight of passive type components of DC to DC converter 20 and an inverter 10 in regenerative- 
braking mode using a high frequency chopper operation. Furthermore, according to the limitation of the regeneration current of a 
battery, a switch TB 1 can make the rated current still smaller than a switch TB 2. 

[0019] Effectiveness is improved in the case of operation with a rate with the electric drive system of drawing 2 lower than the rate of 
the corner point of a motor, and ** torque. However, it is expected that the effectiveness of large torque and the whole alternating 
current drive system which contains DC to DC converter 20 if high-speed becomes low a little rather than the drive system of a basis 
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shown in drawing 1 . however, being operated with the maximum motion force or the envelopment value of torque among the whole 
drive for the application of most electric vehicles which use a battery as a power source —**** — it is a small part. Therefore, that the 
effectiveness of a system falls at the time of the envelopment value of the maximum torque are the dependability of a battery or energy 
storage equipment, and the point of improving the latitude to failure, and it is appropriate balance. 

[0020] As other advantages of the power semiconductor interface circuitry of this invention, it is the serial inductor Lf. Since it exists, 
the alternating current ripple added to a battery decreases. Drawing 4 is drawing showing the electric drive system of other examples 
by this invention, and the battery of plurality (n pieces) by which each has the DC to DC converter interface between the battery and 
the inverter 10 is used. Each of the switching device of a transducer has the rated current of 1/n, or the almost same rated current as the 
switching device of the conventional system of drawing 1 compared with the case of the DC to DC converter of drawing 2 . For 
example, the system of drawing 4 is shown as what has three batteries 60-62 and three corresponding DC to DC converter interfaces 
63-65, respectively. As for the system of drawing 4 , it is advantageous in the case of the hard failure of each battery, or software 
failure to have the latitude to excessive failure. When hard failure (for example, off [ a short circuit or off]) is detected, each DC to 
DC converter is made non-operative (disabling), and a drive system is operated by two thirds of capacity. In the case of software 
failure (namely, degradation of a battery), using an external control unit, the load to the battery which deteriorated can be decreased 
and the highest power level can be supplied to a motor, without increasing the stress to the battery by which capacity fell in this way 
so that the same electrical potential difference as other two batteries may be maintained. 

[0021] Drawing 5 shows the electric drive system of other examples of this invention which uses both the battery 22 for promotion of 
a low battery, and auxiliary energy storage equipment 70. Energy storage equipment 70 is shown as a thing equipped with the ultra 
capacitor bank. The battery 20 and the ultra capacitor bank 70 are connected to the inverter 10 respectively through the separate DC to 
DC converter interfaces 20 and 72. Each DC to DC converter interface has the local control unit 40 of itself which has the function of 
current feedback, a gate drive, and protection. Sequence control (namely, allocation of the instantaneous power between the batteries 
and ultra capacitor banks which answered the torque command) of the source of promotion is performed by control unit 30'. since both 
DC to DC converters 20 and 22 are bidirection — the control unit of a system - an ultra capacitor — regenerative braking - or it can 
charge by either from the battery for promotion. In acceleration of a vehicle, and the case of regenerative braking, especially an ultra 
capacitor bank sends out large power dynamically, or receives large power, and lowers the peak power of the battery for promotion to 
level [ a little ] higher than the mean power of a driving gear in this way. Therefore, although the switching device excessive [ two ] is 
used for the system of drawing 5 compared with the system of drawing 2 , since the DC to DC converter interface 20 switches not a 
peak power but mean power, a switching device with the still lower rated current can be used for it. 

[0022] Instead of the ultra capacitor bank 70 of drawing 5 , drawing 6 shows other examples of this invention which uses super- 
electric conduction magnetic energy storage equipment (SMES) 80. The advantage of the electric drive system of this invention 
includes the following, if it summarizes. 

(1) While improving the dependability of a battery using the still lower battery module of the electrical potential difference which has 
a number small one layer of eels connected to the serial, lengthen the life of a battery. 

[0023] (2) Improve that a battery is hard and the latitude to failure of a drive system in the case of software failure. 

(3) The alternating current ripple impressed to a battery for the serial inductor prepared in the DC to DC converter interface circuitry 
decreases. 

(4) The engine performance and control action of a system under operation are improved using the battery which has the internal eel 
whose capacity is not the same. 

[0024] (5) While each operates in each electrical-potential-difference range, the format of the system using the battery of a large 
number which have one or further many DC to DC converter interface circuitries which are connected to one direct-current bus-bar of 
a high-pressure alternating current drive inverter, and/or ultra capacitor energy storage equipment can be taken. 

(6) Between most parts of time amount, since there is an excessive controllability which can perform software switching operation, the 
stress to the switching device of an inverter decreases. 

[0025] (7) In order that the switching loss of an inverter may decrease, the effectiveness of a low speed and the drive system in ** 
torque operation is improved. 

(8) To the AC machine of all formats, since the electrical potential difference of a direct-current bus-bar is still higher, speed range 
becomes still larger. 

Although the desirable example of this invention was shown in the drawing and explained, it cannot be overemphasized that these 
examples are only examples. Various modification and permutations will be easily considered within the limits of the summary of this 
invention by this contractor. Therefore, please agree for this invention to be limited by only the summary of a claim. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-biii/tran_web__cgi_ejje 12/9/2005 



JP,06-276609,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 
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3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of the conventional electric drive equipment which has the inverter by which direct continuation 
is carried out to the battery. 

[Drawing 2] It is the circuit diagram of the alternating current electric drive equipment containing the interface circuitry by one 
example of this invention. 

[Drawing 3] It is the graph which shows an example of the envelope of the torque when controlling the alternating current electric 
drive equipment by this invention acquired as a result of [ its ] a direct-current link electrical-potential-difference pair motor rate. 
[Drawing 4] It is the circuit diagram of the alternating current electric drive equipment by other examples of this invention. 
[Drawing 5] It is the circuit diagram of the alternating current electric drive equipment by the example of further others of this 
invention. 

[Drawing 61 It is the circuit diagram of the alternating current electric drive equipment by other examples of this invention. 
[Description of Notations] 
1 0 Inverter 
14 Motor 

20 DC to DC Converter 
22 Battery 

30 Electric Vehicle Drive System Control Station 

32 Tachometer 

34 42 Current sensor 

36 44 Voltage sensor 

40 Direct-Current-Direct-Current Control Unit 

46 Effectiveness Regulator 

48 Armature- voltage Control Block 

50 Gate Control Machine 
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[Drawing 1] 




[Drawing 3] 
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(Drawing 51 
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